"TOP TEN" LESSONS LEARNED
FROM OPEVALS OF NAVSEA SYSTEMS



The following are the "Top Ten" general lessons that have been learned by program managers from the Operational Evaluations (OPEVALs) conducted on Navy ships and combat systems. In the aggregate, they represent over two decades of experience in preparing systems for their OPEVAL. As a result of paying much attention to such preparations, the ship and systems acquisition programs, managed by the Naval Sea Systems Command and its affiliated Program Executive Offices, have enjoyed an incomparable, consistently high "success" rate -- above 90%. ("Success" in an OPEVAL is defined, for purposes of this scoring, as one in which COMOPTEVFOR recommends that the program proceed with at least limited introduction of the system to the Fleet.)

Commander, Operational Test and Evaluation Force (COMOPTEVFOR) --- Navy's independent Operational T&E agent --- conducts OPEVALs to provide the Navy an assessment of a new system's operational effectiveness and operational suitability. The OPEVAL has become a well recognized "graduation exercise" for an acquisition program, and a gateway to the approval to produce and deploy the system in the Fleet. In 1975, the CNO affirmed the policy that OPEVALs are not to be conducted until (1) the system performs in accordance with its operational requirements, and (2) it is expected that OPTEVFOR will recommend fleet introduction based on the results of OPEVAL. NAVSEA strongly supports this policy, especially because of the amount of resources needed for an OPEVAL, and because of the "bad press" a system receives as a result of poor performance in an OPEVAL. COMNAVSEA uses the OPEVAL "success" rate as one indicator of how well the Command is achieving the acquisition part of its mission. One very important observation over the years is that, when everything else is said and done, the success of a system's performance in OPEVAL depends almost as much on the preparations as much as it does on the design and capabilities of the system!

These "top ten lessons learned" from OPEVALs were first published in 1982, based on interviews we conducted with headquarters Program Managers (PMs) whose systems had completed OPEVAL. Since then, we have found more case examples to include, but the original admonitions remain the same. Do read and heed.

Matt Reynolds, Director
Test and Evaluation Office
Naval Sea Systems Command 
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LESSON ONE
UNDERSTAND THE POLICIES

Those programs for which a T&E "post mortem" showed a weak organization and disjointed planning for OPEVAL were ones in which the PMs readily admitted they did not fully understand the T&E policies and procedures until their program was too far along. And if the PM doesn't understand them, knowledgeable people in the field activities will usually not be able to compensate for it. The people managing and executing the T&E need to spend some time studying the policies, understanding their origins, and learning about the experiences of similar programs in implementing them. Headquarters and field organizations frequently have staff people familiar with Navy T&E policies, and who have copies of the latest DOD and Navy policy documents. In general, those documents are easy reading. The NAVSEA T&E Office has published a T&E Handbook that shows how recent programs have implemented these policies. And there are several T&E courses that are very effective. In addition, the NAVSEA T&E Office gives a briefing annually to PMs with upcoming OPEVALs.

To prepare for OPEVAL properly, the T&E managers must have a true understanding of and a sensitivity to differences between operational T&E (OT&E) and developmental T&E (DT&E). Those differences are fundamental. If the managers truly understand them, they will appreciate the responsibilities and perspective of the people from OPTEVFOR that will be working with them, they can better prepare the system for the OT&E that OPTEVFOR will conduct, and they will be better able to achieve a well integrated, cohesive T&E program.


LESSON TWO
ORGANIZE FOR T&E

Regardless of the size of the headquarters program office staff, someone on the staff must pay attention to managing the T&E program. Experience has shown that the first critical T&E effort should be to identify and assemble adequate engineering support and organize those people involved in some way in the T&E program into a T&E "network." The formal organization must be supplemented by this informal network of T&E contacts who understand the need and value of keeping everyone accurately aware of T&E progress and problems. The size of the network and the working relationships will vary as the program progresses, and as the focus of T&E activity shifts from one site to another. Keeping a good balance in the organization and maintaining well defined roles will require the interest and commitment of the program manager. 

Larger program offices frequently have a T&E manager on the staff. If there is not, there should be one at the lead Navy field engineering activity and one in the prime contractor's organization. People involved in small programs -- both at headquarters and in the field -- are usually systems engineers who have T&E as only one of their duties. But even for these programs, the team members need to be sensitized to separating their T&E tasks from other efforts. The planning, conducting and reporting of T&E must be a cohesive, total- program, effort. Good communication links need to be set up among all parties so that problems can be identified and fixed as quickly as possible. Experience has shown that only a program office with a strong interest in making the T&E program a major tool and risk- mitigator can make the program players operate this way!

PMs of some of the major programs have published their own T&E management plans and have used them as effective tools for coordinating the efforts of the major participants. (This plan is a different document than a T&E Master Plan (TEMP), which is the executive-level contract between OPTEVFOR, NAVSEA and OPNAV, covering the scope and interrelationship of DT&E and OT&E events.) A PM who must integrate the results of testing performed by several Navy engineering centers, labs, contractors and subcontractors has a formidable challenge in making sure that the right information is being exchanged in a timely manner. Such a plan, used in conjunction with regular meetings and electronic media such as e-mail, can be a great tool not only to orchestrate this information flow, but also to keep all apprised of the top level planning and progress, key milestones, interdependencies of events, and contingency plans. Some PMs who did not use such a plan have concluded afterwards that they would have had a more effective and less costly program if they had.



LESSON THREE
KEEP THE SYSTEM REQUIREMENTS DOCUMENTS CURRENT

Every PM completing an acquisition program has emphasized the importance of the system requirements documents to the success of his T&E program. Most said that if they "had it to do over again," they would have invested more time on the Operational Requirements Document and the T&E Master Plan (TEMP). Approval of these documents, as burdensome as the staffing and update processes can be, constitutes an all important agreement of all key parties on what the system is to be capable of and what level of performance is to be demonstrated before each of the program's checkpoints. 

A good TEMP is vital. It identifies the scope, timing, and relationship of the major test events, and provides the gauge by which successful system performance is to be measured. The program office will need the TEMP to get Fleet ships, aircraft, range time, targets and ordnance to support the testing of the system. The extent to which these are not well defined in and authorized through the early versions of the TEMP is sure to cause problems later. Prepare the TEMP as early in the program as possible, even if it is only in skeletal form. In the past, there have been programs that were actually approaching OPEVAL without having an approved TEMP! In each case, there was been a host of seemingly good reasons why the TEMP had so many delays, but the end of the development program is NOT the time to be seeking approval of such a key road map. Today, it is highly unlikely that a program would be allowed to proceed past Milestone II, into the Engineering and Manufacturing Development Phase, without an approved TEMP (make that Milestone I for an ACAT I program!).

Keeping these documents current is as important as developing them in the first place. The directives say they should be updated "as necessary". That means any time there is a substantive change to the program. And remember, it is the latest approved versions of the ORD and TEMP --- not draft updates --- that OPTEVFOR must use in their Operational T&E.



LESSON FOUR
AGONIZE OVER SYSTEM THRESHOLDS

The way the performance parameters and thresholds are defined for the system will determine how successful the acquisition program will be viewed by OPNAV and the Fleet. This is not only a platitude worthy of inclusion in Navy instructions. Striving to do it well is worthy of the program team losing some sleep over from time to time. If at any time, it becomes obvious that the system will not meet its Operational Requirements or the related DT&E or OT&E thresholds, the program office should notify OPNAV in writing immediately. At this point, unless the PM knows a fix can be made without impacting program cost or schedule, the program is no longer "executable". This should be addressed expeditiously; the situation is unlikely to get better with time. Here are 3 examples to underscore this lesson:

a. One program, begun as a relatively simple reliability improvement for a system that was already in service, ended as a completely new development that went into OPEVAL in 1980. When the TEMP was being prepared, some thresholds proposed in the first draft were taken from test results conducted early in the program, using a significantly different version of the system than that to be used for TECHEVAL and OPEVAL. However, under scrutiny, the PM realized the thresholds were incorrect. Had he not taken action, he believes that the incorrect ones could very well have remained in the TEMP and have been approved, ensuring failure in OPEVAL.

b. In another program, it was found during TECHEVAL that an underwater breathing device could not meet one of the TEMP thresholds related to the physical endurance of the wearer. In investigating the problem, the PM found that the threshold was more stringent than necessary to meet system requirements. (It had been provided by personnel from a Navy medical lab years earlier in an effort to encourage more R&D in this area.) The PM found himself in the uncomfortable position of having to justify to OPNAV relaxing the threshold just before OPEVAL. OPNAV did approve the change, but this extra step delayed the OPEVAL several weeks, and jeopardized the very tight schedule the program was on.

c. In the early 1980's, the Fleet urgently asked OPNAV to supply commercial off-the-shelf radios that several ships had an opportunity to use for damage control exercises. Just a few months before NAVSEA had planned to award the procurement contract, OPNAV imposed the requirement for the system to have an OPEVAL. Technical testing was essentially complete, so a TEMP was quickly prepared for the OPEVAL. The DT&E thresholds were selected based primarily on the results of the previous testing. OPTEVFOR selected the OT&E parameters he thought suitable, and asked OPNAV for threshold values to use. But the NAVSEA PM did not think these parameters appropriate, based on his concept of system operation. Despite the PM's concern, OPNAV, for the sake of expediency, assigned OT&E threshold values that were based on qualitative judgment. When the OPEVAL was complete, OPTEVFOR reported that the system did not meet the thresholds and should therefore not be introduced to the Fleet. Looking further into the report, it was apparent that OPTEVFOR had a different view of how the system should be used in the Fleet than NAVSEA had envisioned. Reconciling those differences took a year, and delayed the re-OPEVAL and fleet introduction that long. 



LESSON FIVE
WORK CLOSELY WITH THE OPTEVFOR TEST DIRECTOR

The Operational Test Director (OTD) is the key point of contact at OPTEVFOR. Program people need to work with him or her closely. PMs of past programs are unanimous in encouraging us to get the OTDs involved as early as possible, and treating them like a member of the team. They can provide valuable insight from the Fleet operator's perspective for the design and tactical uses of the system. In general, we covet such insight and never seem to get enough of it at the right time in the acquisition business. Here's a great opportunity. In addition to T&E meetings, The OTD should be invited to program reviews, design reviews and laboratory and factory test events. Copies of the reports of the events he or she can't attend should be routinely provided. During the course of a five year R&D program, several different OPTEVFOR people will probably serve as the OTD for a given system, with at best a minimal turnover period between them. They will have different backgrounds and varying degrees of familiarity with any type of system. The program team need to work with each one as an individual. And they need to be patient when a new OTD raises which seemed to have been resolved with his or her predecessor, or when new approaches are suggested late in the program. Unlike the planning of development T&E, there can be no standard test procedures for OT&E: each OTD is likely to have his or her own ideas on how best to conduct OT&E. The bottom line is that by the time of OPEVAL the OTD and PM should have a common understanding of what the system's capabilities are as well as its limitations. There should be no big surprises during OPEVAL.

Speaking of surprises, the program team should review every OPTEVFOR document closely for insight into OPTEVFOR's impressions of the system's capabilities. These reviews will yield ideas of areas to focus attention for improvements in preparing for OPEVAL, and even fleet introduction. They may also yield some disconnects to be brought to OPTEVFOR's attention. In one classic case, there was a rather basic misunderstanding between the Operational Test Director (OTD) and the program manager on emplacement procedures for a series of underwater fuses. The OTD, newly reported aboard at OPTEVFOR, used procedures that varied from what the design was intended for. He described his intentions in the OPEVAL test plan, but the PM didn't pick up on them. The OTD realized the disconnect several days before OPEVAL when he received the Tech Manual; but he used his procedures instead because they provided more flexibility for the Fleet user. As a result, many of the fuses did not activate, and the system failed OPEVAL because it did not meet its mission reliability thresholds.


LESSON SIX
DON'T FORGET ABOUT SYSTEM SUITABILITY

OPTEVFOR assesses not only the operational performance of the system during the test period, but the readiness of the entire system for long-term operation and maintenance by the Fleet. That includes spare parts support, training and manning, and operator and maintenance manuals. These characteristics are evaluated under "operational suitability" -- a category OPNAV and OPTEVFOR considers as important as operational effectiveness. OPTEVFOR evaluates them not only through observations during the at-sea testing and from the comments from the Fleet operators during that testing, but also through reviews of the Integrated Logistics Support Plan, the Computer Resource Life Cycle Management Plan, the Navy Training Plan, and the material from training courses. PMs should not underestimate the importance of such products to the success of the OPEVAL. In one program, poor communication between a PM and the staff of the Chief of Naval Education and Training (CNET) caused delays in the delivery of course material; that in turn detracted from the classroom training of the operators, and later caused problems during the OPEVAL.

NAVSEA and its PEOs emphasize the need to use TECHEVAL to help validate these suitability items and to verify their readiness for OPEVAL. Each TEMP includes a statement in Part 1 that says that all OT&E effectiveness and suitability requirements will be demonstrated during DT&E. The TECHEVAL provides an excellent opportunity for this, since the system installation closely resembles the eventual production configuration, the test plan can (and should!) call for the system to be used in typical operational profiles, with Fleet people actually operating and maintaining the equipment.

Training can significantly influence the outcome of the OPEVAL, as can the crew's attitude in general. One question that is likely to be asked during the OPEVAL Readiness Review is "what does the ship's crew think of the system ?" Also, what do they think of the training ? --- the tech manuals ? How easily could they diagnose problems during TECHEVAL, using the tools provided to them ? How long has each operator been assigned to the test ship, and are any of them likely to rotate during OPEVAL ? One PM attributed the poor performance of a sensor data system during its OPEVAL to inadequate training. Classroom training had been provided to most of the affected enlisted personnel, but the Chief Petty Officers and the ship's CIC officers were not available when it was conducted. And the hands-on training that could have been given during TECHEVAL was not provided. When the location of the ship during OPEVAL presented some environmental conditions different than TECHEVAL, the operators were not proficient enough to compensate. Program managers should be deliberate in structuring the TECHEVAL to make sure there is plenty of opportunity for the crew members to increase their proficiency and better prepare themselves for the somewhat "free-play" (and more operationally realistic!) events of the OPEVAL.

During the four week OPEVAL of a minor caliber gun system on a patrol boat, things had gone quite well until the last two days. The boat experienced some unexpected freezing rain, which jammed the gun. That day, the sailor trained in the maintenance of the gun was not aboard. Another sailor tried to correct the problem and compounded it. COMOPTEVFOR found the gun's inability to perform in these conditions serious enough to withhold a favorable recommendation for fleet introduction. The PM could certainly claim that the circumstances -- rather than the system design -- prevented proper performance. But two facts would make that a moot point: (1) not having a properly trained technician assigned to the boat's crew that day is typical (unfortunately) of what happens in boat squadrons and therefore must be treated as a valid part of the OPEVAL, and (2) in the final analysis, gun performance in freezing rain was not demonstrated.


LESSON SEVEN
MAKE TECHEVAL A REHEARSAL FOR OPEVAL

NAVSEA experience is so supportive of this practice that the Command has made it policy. The better a program is able to achieve it, the fewer problems the system will have in OPEVAL. And if the system works well in TECHEVAL, changes should not be made before OPEVAL (except routine grooming to replace parts that would be expected to wear out during OPEVAL). The OPEVAL of one system had to be suspended during the first day because an improper calibration procedure done after a very successful TECHEVAL had rendered the system useless! Experience has made the NAVSEA/PEO executives adamant about not making any changes to the computer programs between TECHEVAL and OPEVAL if they are working. If a patch must be inserted to correct a serious problem, adequate lab and shipboard regression testing of the software must be accomplished to make sure the patch has not degraded some other part of the computer program.

Many of the problems found during TECHEVALs and OPEVALs can be traced to the artificial nature of the installations. While a PM can discount such problems because they are not expected to re-appear in the production version of the system, they nevertheless prevent some of the system capabilities from being demonstrated, and, if the problems are numerous, can jeopardize the system from demonstrating its reliability thresholds. The system used for TECHEVAL and OPEVAL should be representative of the production configuration --- including the computer software, the spare parts support and the technical manuals. The installation itself should be similar. An electric power conversion system failed OPEVAL in the 1980's because of test installation conditions that were not representative of a production installation. First, the equipment was installed in the helo hangar instead of in the usual below-deck compartment (as a cost-savings measure); unanticipated structural interference caused numerous power interrupts. Secondly, a water-cooled heat exchanger was installed above the electronics cabinet (in violation of standard rules) where it leaked and damaged the equipment, causing OPTEVFOR to suspend the OPEVAL for two months. By the end of OPEVAL, the system had not been able to consistently demonstrate its reliability and operational availability thresholds.

The program team should determine what instrumentation the OTD plans to use, and what automated data reduction and data analysis programs he will use. If they're different from what is being planned for DT&E, an attempt should be made to reconcile them. Such differences introduce a risk that OPTEVFOR, even having the same raw data as the program team, might obtain apparently different results. A final word of caution on this point: the NAVSEA/PEO OT Readiness Review Board relies very heavily on TECHEVAL results. So the program team should do everything they can to make the TECHEVAL provide the needed assurance that the system is ready for OPEVAL. If the TECHEVAL results don't do that, the PM stands a chance of not having the system certified to enter OPEVAL until additional information can be provided by at-sea DT&E.


LESSON EIGHT
PREPARE INTERFACING SYSTEMS FOR THE OPEVAL

If a system is integrated in its operation with another system (most are), it is a "must" for the program team to make sure the other system is also ready for OPEVAL. Two of the aspects of each system that OPTEVFOR evaluates are compatibility and interoperability. They are frequently the source of unanticipated problems in acquisition programs. It is easy for a program team not to give these areas much attention, because it is not part of "the" system, because there is not much that can be done at the end of system development if there is an interface problem, or because the interface in the TECHEVAL/OPEVAL configuration is significantly different from that planned for the production systems. So only worry about "the" system -- right ? . . . . Wrong! If the system's interface with another causes a degradation (to one or both systems), OPTEVFOR must report it as a deficiency, and possibly one that could prevent them from giving a favorable recommendation regarding the introduction of the system to the Fleet. Even if the cause or correction of the problem clearly rests with the other system, OPTEVFOR may withhold a favorable recommendation on the system under test to ensure that the problem is corrected. (OPTEVFOR knows that fixes sincerely promised and even firmly planned frequently do not make it to the Fleet because of budget cuts). Much the same rationale holds for an excuse that an interface design will differ on production installations later --- OPTEVFOR cannot evaluate what he doesn't see. 

The same principle applies to components of the system that are "off-the-shelf" or are Navy standard equipment for which there is little or no latitude to change the design. If they don't support the overall performance requirements of the system, the TECHEVAL and OPEVAL time frame is too late to make an issue of it. The problem should be corrected early.



LESSON NINE
MANAGE COMPUTER PROGRAM TESTING CLOSELY

As recent as a few decades ago, the number of shipboard systems that depended on tactical computer programs for their operation were in the minority. And the functions performed by the programs were so few that the PM could relegate their development to the experts in that relatively little-understood field. He could also expect that the end products would work in his system, albeit perhaps with some minor tweaking. That has all changed. Now, the PM and his staff must be closely involved in the management of the computer programs' development and testing. The proper performance of most new shipboard systems depends on programmable computers, and more and more vital functions that were once hard-wired into the equipment are being performed by computer programs. Computer program developments must be managed like any other part of the acquisition program. Used properly, the T&E efforts can greatly help assess technical risks, expose problems early, and indicate overall progress and design maturity. Meaningful performance requirements must be developed and published, T&E criteria must be agreed to, and the software T&E must be conducted in a well engineered manner. Computer program errors are more illusive than hardware problems because they can occur when spurious paths are taken, when there are improper data inputs, or when there is a significant cumulative error from minor timing inaccuracies. And these types of problems can go undetected for long periods of time. But there are now commonly accepted metrics that help assess computer program stability and design maturity that can be used well before system level T&E can be conducted. During OPEVALs, OPTEVFOR does not test computer programs in themselves, but does evaluate how the programs support overall system operation. If during an OPEVAL the system is not able to perform its mission and the cause seems to be a computer program problem -- even one that appears easily correctable -- OPTEVFOR must still withhold a favorable recommendation on the system until the fix is made and they see the system operate properly.



LESSON TEN
TRACK THE AVAILABILITY OF FLEET RESOURCES

To conduct the type of testing we do in TECHEVALs and OPEVALs, we must rely in most cases on using Fleet resources. Since most of our programs are for shipboard systems, nearly every T&E program involves the use of a Fleet surface ship or submarine to deploy the system. It may also require other ships and aircraft to fully evaluate the system's performance. If weapons are to be fired, the use of Fleet ranges will be necessary, as well as ordnance, expendable targets, and test instrumentation. Obtaining each of these resources requires special advance planning, and is subject to being re-allocated for a higher priority Fleet need at any time. Even aside from emergent priorities, the Fleet must use these same assets for deployments, training, Fleet Exercises and general upkeep -- all of which must be given precedence over TECHEVALs and OPEVALs. The TEMP (Part VI) is used for the long range planning, but inclusion of resources in a TEMP is not a guarantee that they will be available when needed. The program team must work with the individual organizations and points of contact who allocate each of these assets to track their continued availability. Ship and aircraft schedules are determined through Fleet scheduling conferences held quarterly. OPNAV solicits inputs for consideration at each conference several months in advance; the NAVSEA T&E Office coordinates the NAVSEA/PEO response to these OPNAV requests. There's more to these procedures than we can easily describe here. Program office people need to know the programs needs, follow the proper procedures for requesting the resources, and then track them --- even after being given some assurance that they'll be available. If asset planned for T&E are re-assigned elsewhere, a program may well suffer delays that could cost additional funds and schedule slippage. This may not be preventable, but at least if the program is alerted early enough, they may be able to reschedule with a minimum loss.

One additional point: the realism of T&E programs gets a lot of attention these days throughout the Navy, with OSD, and even from Congress. If someone successfully challenges that the targets planned to be used do not adequately represent the threat, a program could be faced with having to fund a major target upgrade or new target development effort. Such challenges need to be addressed as soon as possible. They are not likely to go away by themselves. And if they have to be accommodated, the later they are addressed, the more severe the impact on the program will be.


EPILOGUE

There's one very important point that is underscored by each of these ten "lessons learned": It is not the last few months of engineering and testing before an OPEVAL that makes the difference; it's the planning and execution of the T&E program from the very beginning.

Good luck!

